Abstract-This paper presents an algorithm to extract the EKV parameters using the input characteristic measurement. The working of the algorithm was verified by extracting a parameter through the pinch-off characteristic measurement. The extraction and measurement was performed on FET devices present in Piezo-Electric Oxide Semiconductor Field Effect Transistor (POSFET) sensor. Using the extracted parameters we fixed the region of operation of this sensor at weak inversion.
I. INTRODUCTION
Measurement and characterization of electrical sensor is very important for optimal dynamic response of the sensor. The importance is more when sensor is based on transistor array. The tactile sensors called by the name Piezo-electric Oxide Semiconductor Field Effect Transistor (POSFET) as reported in [1] ; have the PolyVinyliDene Fluoride (PVDF) on the floating gate of the NMOS transistor arrays. The biasing of such sensor is very important to better utilize the dynamic response by the piezo-electric polymer. Therefore only important parameters need to be extracted for biasing the transistor of the sensor. One method of biasing these sensors has been reported in [2] . The graphical based method was quick but has limitations due to the following three reasons. First, no any standard method was adopted for extracting the parameters from the transistor on a sensor chip. Second, the region of inversion was not fixed before biasing the sensors. Third, in absence of PVDF model of the POSFET sensor, it is very critical to assume the small signal model. Because the dynamic voltage generated by the polymer can be comparable to the gate overdrive voltage. In such case it was worth to consider the large signal model of the transistor.
In this paper we will present the extraction and measurement of the EKV parameters [3] using our proposed algorithm. The choice of EKV equation is due to the fact that it is applicable to all the regions of inversion. Our algorithm uses input characteristic measurement to determine the EKV parameters in a single run. To verify the algorithm we will extract one parameter through pinch-off characteristic Manuscript received December 30, 2012; revised July 23, 2013. This work is supported by the European Commission project "ROBOSKIN", under grant agreement no. 231500.
Arun Kumar Sinha is with the Department of Electrical, Electronic and Telecommunication Engineering, and Naval Architecture, University of Genoa, Genoa, Italy (e-mail: arun.kumar.sinha@unige.it). measurement [4] . Using the extracted parameters and large signal equation we will fix the bias point of POSFET sensor for maximum gain. The top metal layer of the POSFET was connected to the supply voltage.
The layout of this paper is as follow: Section II will give an architectural overview of the sensor. In section III we will present the EKV equation and the important parameters for characterizing the sensor. In section IV we will present the algorithm based on Matlab ® for extracting the parameters. In section V using the extracted parameters, we will size the common drain resistance. In section VI we will present the results of our extraction and measurement. Finally, in section VII we made conclusion of this paper.
The POSFET chip is organized in 5 rows and 5 columns as shown in Fig. 1 (25 in total) [1] . The NFET is a part of the POSFET chip and was obtained by using a non-standard ion-sensitive field effect transistor ISFET/NMOS; p-well technology fabrication process derived from a 4 µm Al-gate with a SiO 2 /Si 3 N 4 double layer gate dielectric. The MOS gates are designed by using an "inter-digitized" structure with channel width W = 7500 μm and length L = 12 μm. 
II. DESCRIPTION OF POSFETS
silicon wafers by using implanted n+ source and drain regions on p-well in order to insulate the devices from the n-type substrate (see Fig. 2 ). The p-well has a junction depth of 4.76 µm and sheet resistance of 3.5 kΩ/sq. The PVDF-TrFE a co-polymer of PVDF was spin coated with thickness 2.5 µm on the gate. The top contact is implemented with an evaporated gold electrode. Poling of the piezoelectric polymer is performed at chip level using the gold top metal and Al contacts of the gate. The POSFETs are working in common drain configuration with floating gate. All the top metals and the drain of the NFETs in a row were separately connected together.
III. EKV EQUATION AND THE ESSENTIAL PARAMETERS
The EKV equations are based on the charge sheet model dedicated for low power and low voltage design. In order to maintain the device symmetry, the terminals were referenced w.r.t. well/substrate. In fact the equations were first derived for weak and strong inversion, then normalized and linked using interpolation function [3] . Therefore we have an equation valid for all the regions of inversion. The EKV equation is given by, In (1), I S is the specific current, V P is the pinch-off voltage and U T is the thermodynamic voltage (≅ 26 mV at 27 0 C). Eq.
(1) can be approximated for the weak and strong inversion saturation regions [5] . According to [4] , the EKV equation requires following parameters as shown in Table I . 
Name Parameter
Pinch-off voltage
Slope factor n = 1 + (GAMMA/√V P + PHI)
In Table I , K n is the normalized transconductance paramter, V TO which depends on the gate voltage (i.e., V G ).
IV. ALGORITHMS FOR EXTRACTION AND MEASUREMENT
OF THE EKV PARAMETERS In this section we will present the algorithms for extracting and measuring the EKV parameters of a NMOS transistor (i.e., wide width and long channel). For extraction we will use the input characteristics (i.e., log e (I DS ) versus V GS ) measurement reported in [6] . We will separately verify the extraction by measuring the threshold voltage, from pinch-off characteristic of the NFET using Keithley 
® 236 and Keithley ® 2400 instruments. Fig. 3 shows the flowchart comparing our method with the EKV method of parameters extraction. Thus our extraction method can determine very quickly all the three parameters namely; V TO , I S and n n of EKV equation in one run. Fig. 4 shows different regions of inversion depicted by the input characteristic curve [7] . The ratio of I DSsat and I S is called as inversion factor (IF), at middle of moderate inversion IF = 1 and this can determine the value of I S . When straight line is extrapolated from weak and from strong inversion region; the intersection of the two lines can approximately determine the value of specific current. For estimating the V TO , first we will determine the slope factor at weak inversion (n n ) and I D0 (residual drain current in saturation for V G = V S = 0). The slope factor at weak inversion as shown in Fig. 4 is the inverse of slope of line-1 multiplied with U T [5] . If I D0 is the intersection of the line-1 with the Y-axis, then V TO can be determined as,
The extraction of all the three EKV parameters were implemented in an automated way on Matlab ® using the flowchart of Fig. 5 . After saving the input characteristics measurements as data points, the data were procured by the
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is the threshold voltage and is the slope factor n program written on M-File. In this way the three main parameters i.e. threshold voltage, specific current and slope factor at weak inversion, were quickly estimated in one run instead of separate measurements for each parameters. To verify the working of our extraction method, we made direct measurement of pinch-off characteristic using Keithley ® instruments to estimate the value of V TO . Fig. 6 shows the electrical connection of the POSFET sensor during pinch-off characteristic measurement. As shown in Fig. 6 the Keithley ® 236 source set of gate voltage V G to the terminal of diode connected NFET device. The Keithley ® 2400 source the constant bias current I b (= I S /2) across its terminals and measure the set of source voltage V S for corresponding sweep of V G . Finally a figure is plotted between V S (= V P ) and V G called as pinch-off characteristic of the NMOS transistor. The algorithm implementing this kind of measurement is shown in Fig. 7 . Fig. 6 shows well to source connected NMOS in POSFET sensor, therefore during measurement the body effect is avoidable and the slope factor is a constant value. If the well was at ground potential then the slope factor will depend on the gate voltage [8] . Thus in our case V TO remain constant and the slope factor is applicable to all regions of inversion. So we can verify our algorithm using the value of V TO obtained from the pinch-off characteristic measurement.
V. DETERMINING THE WORKING REGION OF POSFET
In this section we will present the sizing of the common drain resistance to bias the POSFET sensor by using the extracted parameters. The equations were derived under the condition that the gate was coupled to the supply voltage by a factor A C which is defined latter in this section. In order to achieve the maximum value of gain by common drain resistance, we will explore the option of weak/moderate inversion for biasing the sensor. Considering the forward current in EKV equation; Eq. (1) can be expressed by,
For the well to source connected device in saturation V DS > 4U T (≅ 0.1 V), (3) will reduce to,
Expressing (4) in term of inversion factor, the source voltage (V S ) can be written as,
In (5), if C PVDF is the capacitance of the piezo-electric polymer and C gate is the gate capacitance, then the coupling factor is defined as A C = C PVDF / (C PVDF + C gate ) and relates the gate voltage of transistor to the supply voltage. The large signal gain A V will be maximum when IF < 0.1 and when 0.1 < IF < 10 the value of gain will be smaller than maximum [8] . In (5) after substituting the value of V TO , IF, n and A C ; we will get a value of resistance which can guarantee maximum gain from common drain configuration of transistor as given by, ( ).
SS R V IF I 
The maximum dynamic from the PVDF on the gate of POSFET sensor is 0.5 V (p). The value of resistance should be selected in such a way so that the dynamic signal should not approach the supply rail otherwise it can get distorted.
VI. RESULTS AND DISCUSSION
In this section we will briefly elaborate the results of our algorithm for extraction and the pinch-off characteristics measurement. Rather than presenting the results for all the FETs, we will present the results of one FET "P15" on the POSFET chip. We will explore the choice of inversion region by considering the value of resistance and source potential. The estimated values of parameters are: I S = 0.7314 mA, V T0 = 2.3 V and n = 16.1; the value of A C = 0.782. The output window after running the extraction program on Matlab ® is shown in Fig. 8 . When the top metal layer of POSFET was fixed to V DD = 3 V, the variation of resistance and source voltage w.r.t. the inversion factor for the POSFET is shown in Fig. 10 . From the figure it can be interpreted that, the POSFET can be biased in weak inversion with a suitable value of resistance without approaching supply voltage, in order to have maximum value of dynamic gain by the sensor.
VII. CONCLUSION
We proposed in this paper an algorithm to extract EKV parameters: threshold voltage, specific current and slope factor using the input characteristic measurement. The proposed extraction method was further verified though the direct measurement of the pinch-off characteristic. Using these parameters we explored the region of POSFET operation. We used large signal model of FET, while sizing the value of resistance; and we found that the POSFET can be easily biased in weak inversion for maximum gain.
